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A Brief Introduction to MATLAB 

MATLAB
® is an interactive program for numerical computation and data visualization, 

used extensively by engineers for analysis of systems. (MATLAB stands for Matrix 

laboratory.) In this course, we will use the base MATLAB application. In the latter part of  

the course we will also use SIMULINK
®, which is a separate, graphically based, simulation 

application that runs within MATLAB. Matlab code can be encapsulated in m-files (like 

macros) and custom functions. C/C++ Code can also be imported for complex embedded 

calculations. Developers have also created “toolboxes” with functions that are specific to 

an application domain, such as signal processing, control, robotics, etc. MATLAB, has an 

excellent user environment including help information on functions and other topics. 

MATLAB and SIMULINK are registered trademarks of The MathWorks Incorporated 

(www.mathworks.com).  

In working through this tutorial, you will learn about MATLAB syntax, how to enter data 

and manipulate it, and view the results. Chapter 1of the course text also gives a brief 

tutorial on MATLAB. There are other, more extensive tutorials available on the Internet; a 

particularly good one is found at 

http://www.mathworks.com/academia/student_center/tutorials/index.html?BB=1  

You are encouraged to see how MATLAB works by cutting and pasting text from the 

tutorials into MATLAB or an m-file.  

The MATLAB Desktop Environment 

There are three windows: a command window for entering commands and data, a 

command history window, and a window that shows contents of the current directory. If 

you open help, then a separate window opens. (It’s not a bad idea to keep that window 

open.) When you plot output, a new window opens with the default name Figure 1. 

 

Basic commands use very similar syntax to C, with a similar order of precedence for 

operations. If you type: 
a = 3 

MATLAB will return the following result in the command window:  
     a = 

          3 

If you then type  
a = 4*3 
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MATLAB will return:  
     a = 

          12 

If you don't assign a variable to an expression, then MATLAB with store the result in a 

temporary variable called "ans".  If you don’t want to see the result after each line of 

input, then add a semicolon (;) at the end of the command. You can enter multiple 

commands together, chained by semicolons. 

If you need to abort a command, then type the control key and the c key together 

(control-c). 

Help 

Any time that you are unsure of a command, simply type the word help followed by the 

name of the topic at the command line. MATLAB will return a complete explanation of an 

exact match, or a list of partial matches with hyperlinks to select. For example, 
eig 

returns an explanation of the EIG command. 

If you type 
demo 

MATLAB will launch a demonstration program in which you can explore a number of 

features. The help window allows you to look for help with a graphical hierarchy 

(starting with Begin Here - which is excellent if you haven’t used MATLAB before - or 

haven’t used it in a long time), or look at contents and search for particular topics. 

Vectors and Matrices 

Almost all of the systems that we will consider will be represented by equations of state, 

which have a vector of state variables. Let's start off by creating something simple, like a 

vector. Enter each element of the vector (separated by a space) between brackets, and set 

it equal to a variable. For example, to create the vector a, enter into the MATLAB 

command window (you can "copy" and "paste" from your browser into MATLAB to make 

it easy):  
a = [1 2 3 4 5 6 9 8 7] 

MATLAB will return:  
     a = 

          1  2  3  4  5  6  9  8  7 

The first element of a is a(1).  

A colon between two integers generates all of the integers between the two specified 

integers. If colons are used to separate three integers, then MATLAB generates a list of 

integers with the middle integer used as the increment. For example, to create a vector 

with elements between 0 and 20 evenly spaced in increments of 2, you can use the colon 

operator:   
t = 0:2:20 

MATLAB will return:  
     t = 

          0  2  4  6  8  10  12  14  16  18  20 
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Note that these are row vectors. To create a column vector, use a semicolon between 

entries. In essence you get a N x 1 matrix. (Or you can type 
 u = t’ 

to create u, a column vector that is the transpose of t, using the apostrophe for the 

transpose operator.) To create the matrix C: 

C = 



















−

−

200

011

011

001

 

enter the following: 
C = [-1 0 0; 1 1 0; 1 -1 0; 0 0 2] 

(Alternatively, you can enter each row of elements and press the enter key instead of 

using the semicolon.) The colon operator can also be used to create vectors from a 

matrix, such as 
x = C(:,1); 

y = C(:,2); 

z = C(:,3); 

 

A good convention to use is lower-case letters for vectors and scalars, and upper-case 

letters for matrices. In most cases, variables can have more than one character in the 

name. 

Manipulating vectors is almost as easy as creating them. First, suppose you would like to 

add 2 to each of the elements in vector 'a'. The equation for that looks like:  
b = a + 2 

 

     b = 

          3  4  5  6  7  8  11  10  9 

Now suppose, you would like to add two vectors together. If the two vectors are the same 

length, it is easy. Simply add the two as shown below:  
c = a + b 

 

     c = 

          4  6  8  10  12  14  20  18  16 

(Notice that c is different from C because MATLAB is case-sensitive.) Subtraction of 

vectors of the same length works exactly the same way as addition. 

 

Multiplying two vectors of the same size (or two matrices) element by element is done 

using the .* operator.  
E = [1 2;3 4] 

F = [2 3;4 5] 

G = E .* F 

 

     E = 

          1   2 

          3   4 

     F = 

          2   3 

          4   5 
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     G = 

          2   6 

         12  20 

If you wanted to cube each element in the matrix, this is done simply by using element-

by-element cubing: 
E.^3 

 

     ans = 

          1     8 

         27    64 

To multiply to matrix C times the first three rows of column vector x, type 
r = C*x(1:3) 

Remember that order matters in matrix multiplication!  

Many matrix operations have been incorporated into MATLAB. The determinant of A is 

found with the det command. The determinant of D, the submatrix that is the last three 

rows of C, is: 

>> D= C(2:4,:) 

 

D = 

     1     1     0 

     1    -1     0 

     0     0     2 

 

>> det(D) 

 

ans = 

    -4  

Functions and m-files 

MATLAB includes many standard functions; each function is a block of code that 

accomplishes a specific task. MATLAB contains all of the standard functions such as sin, 

cos, log, exp, sqrt, as well as many others. Commonly used constants, such as π and i or j 

(which designates the square root of -1), are also incorporated into MATLAB:  
sin(pi/4) 

 

ans = 

 

     0.7071 

Recall that you can find out the usage of any function by typing help [function name] 

at the MATLAB command window.  

MATLAB uses flow of program control that is similar to C. The colon operator is a useful 

shortcut for For loops: 
For index = start: increment: finish 

 statements; 

end 
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MATLAB allows you to write your own functions with the function command. A 

function is different from an m-file, which is a set of commands that MATLAB executes 

like a macro. A function has to follow specific syntax for the header information. A 

MATLAB function is an M-file that starts with the keyword function. A comment line 

starts with the % character.  This is what the function HUMPS looks like (reprinted from 

MATLAB help): 

type humps 

function [out1,out2] = humps(x) 

%HUMPS  A function used by QUADDEMO, ZERODEMO and FPLOTDEMO. 

%   Y = HUMPS(X) is a function with strong maxima near x = .3  

%   and x = .9.   

% 

%   [X,Y] = HUMPS(X) also returns X.  With no input arguments, 

%   HUMPS uses X = 0:.05:1. 

% 

%   Example: 

%      plot(humps) 

% 

%   See QUADDEMO, ZERODEMO and FPLOTDEMO. 

%   Copyright 1984-2002 The MathWorks, Inc.  

%   $Revision: 5.8 $  $Date: 2002/04/15 03:34:07 $ 

 

if nargin==0, x = 0:.05:1; end 

 

y = 1 ./ ((x-.3).^2 + .01) + 1 ./ ((x-.9).^2 + .04) - 6; 

 

if nargout==2,  

  out1 = x; out2 = y;  

else  

  out1 = y; 

end 

 

The function has one argument x, and returns two arguments out1 and out2. A function 

can call itself. The function filename is the same as that of the function, in this case 

humps.m. (The variable nargin is a predefined MATLAB variable for the number of 

arguments in; nargout is the number of arguments out, that is, returned after the function 

has finished.) There are conditions within this function to return a result even if no 

argument is provided as an input, and if no arguments are provided for the output vectors 

out1 and out2.  

 

You can create a new m-file (or function, if it has the special format) from the File menu 

and save it as a text file that MATLAB can then call. Try to store your m-files in the 

directory in which you are running MATLAB so that MATLAB will always find them. (Use 

the cd command to change directories.) A p-file is an m-file that has been encrypted so 

that others can’t see the source code. MATLAB has a specific order in which it will choose 

to execute a command if the name has more than one function associated with it.  

 



Plotting 

It is easy to create plots in M

time t, you can create a time vector 

time, and then use the plot function to display

Figure 1, with t on the x axis and 

t=0:0.25:7; 

y = sin(t); 

plot(t,y) 

The graph contains approximately one period of a sine wave. 

many features to customize the output

a legend, and plotting more than one plot at the same time, and multi

Type help plot to see a description of how to use these features.

specify the x-axis range (a,b) and
plot(t,y), axis([a b c d])

Note that the plot command does not have a semicolon after it

suppressed. 

Polynomials 

In MATLAB, a vector is used to represent a 

polynomial in descending order. For 

2153 234
+−−+ xxxx

is entered in MATLAB in the following manner

x = [1 3 -15 -2 9]

 

     x = 

          1  3  -15  
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It is easy to create plots in MATLAB. For example, to plot a sine wave as a function of 

a time vector t, then compute the value of the sine function 

function to display a graph of the result in the window 

on the x axis and sin(t) on the y axis:  

 
contains approximately one period of a sine wave. The plot command has 

many features to customize the output, including multiple plots on a single graph, adding 

a legend, and plotting more than one plot at the same time, and multi-dimensional plots.

to see a description of how to use these features. For example, to 

range (a,b) and y-axis range (c,d), type 
, axis([a b c d]) 

command does not have a semicolon after it; otherwise, output is 

vector is used to represent a polynomial, with each coefficient of the 

polynomial in descending order. For example, the polynomial expression 

9+  

in the following manner:  

2 9] 

15  -2  9 

plot a sine wave as a function of 

of the sine function at each 

in the window 

command has 

including multiple plots on a single graph, adding 

dimensional plots. 

example, to 

, output is 

each coefficient of the 
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MATLAB can interpret a vector of length n+1 as an n
th

 order polynomial, but any missing 

coefficients must be entered as zeros, e.g. y = s
4
 + 1 is entered as: 

y = [1 0 0 0 1] 

You can find the value of a polynomial using the polyval function at a particular value 

of the independent variable, e.g. for  x = 2, the value of y is evaluated this way:  
z = polyval([1 0 0 0 1],2) 

 

     z = 

          17 

You can also extract the roots of a polynomial using the roots command, with the vector 

as the argument of the function, e.g.  
roots([1 3 -15 -2 9]) 

         

     ans = 

        -5.5745 

         2.5836 

        -0.7951 

         0.7860 

The product of two polynomials is found by taking the convolution of their coefficients; 

and so to multiply two polynomials together, use MATLAB's function conv :  
x = [1 2]; 

y = [1 4 8]; 

z = conv(x,y) 

 

     z = 

          1  6  16  16 

Dividing two polynomials is just as easy, using the deconv function, which returns the 

remainder as well as the result. Try dividing z by y to see if we get x:  
[xx, R] = deconv(z,y) 

 

     xx = 

          1  2 

 

     R = 

          0  0  0  0 

As you can see, this is just the polynomial (vector) x. If y had not gone into z evenly, the 

remainder vector would have been something other than zero. 

You can also find the inverse of a matrix:  
X = inv(E) 

 

     X = 

        -2.0000    1.0000 

         1.5000   -0.5000 

or its eigenvalues:  
eig(E) 

 

     ans = 

        -0.3723 

         5.3723 

There is even a function to find the coefficients of the characteristic polynomial of a 

matrix. The "poly" function creates a vector that includes the coefficients of the 

characteristic polynomial.  
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p = poly(E) 

 

p = 

 

    1.0000   -5.0000   -2.0000 

Data Import and Export 

MATLAB can import external data such as an Excel spreadsheet. For example, xlsread 

reads the numerical data in the first sheet of a Microsoft Excel spreadsheet file (i.e., with 

filename extension .xls) and assigns it to a matrix: 
      num = xlsread(filename) 

The filename argument is a string enclosed in single quotes. A range can be specified in 

an optional argument. For example, to load data in the range D1:H5 from a file called 

myexcel.xls, type 
      num = xlsread('myexcel.xls', 'D1:H5') 

Options allow the import of text data as well. Other types of data can be supported as 

well, such as JPEG files, etc. Exporting data is done in a similar way. 

Saving a Session and Loading a Previous Session 

Use the command save filename to save the session to your current directory with the 

name filename (or use a path to specify a different location). Use the command load 

filename to load a previously saved session.  

Printing 

To print a plot or a m-file from a computer running MATLAB in Windows, select Print 

from the File menu, and press the enter key. 

Exercises 

1. Use the magic function to generate a 5x5 magic square. Confirm that the sum of 

the elements in each column of the magic square is the same number as the sum 

of each column of the transpose.   

 

     =  

     =  

     =  

     =  

     =  

=
 

=
 

=
 

=
 

=
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2. Plot y = e
-3/2x

sin(5x+3), for the ranges 0 ≤ x ≤ 5, -1 ≤ y ≤ 1. Sketch and label the 

graph of this function in the range of interest: 

 

 

 

 

 

 

 

 

 

 

3. Using only three lines of MATLAB code, plot f = e
-t
 and g = e

-2t
 on the same graph 

for the set t = 0, 0.01, 0.02, …, 5. Sketch and label the resulting graph: 

 

 

 

 

 

 

 

 

 

 

 

4. a) Find the magnitude of the vector A = (-1 7 3 2): 

 

 

 

b) Write the MATLAB expression that you used to calculate it: 

 

 

 

 

Go through MATLAB tutorial on the mathworks website if you have any trouble with this 

introduction.  
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